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Naturally occurring neonatal herpesvirus infections are of importance in the perinatal pathology of several mammalian species. Herpesvirus equi causes intrauterine infections and abortions in equine species, H. homim's is the causative agent of human neonatal herpes, the pathogenesis of which is still debated. Perinatal infection during delivery is considered to be responsible in many cases (White, 1963; Wheeler & Huffines, 1965; Hutfield, 1966; Nahmias, Josey & Naib, 1967; Naib, Nahmias, Josey & Wheeler, 1970; Zavoral, Ray, Kinnard & Nahmias, 1970; Amstey, 1970; Catalano, Safeley, Museles & Jarzynski, 1971; Hare, 1974) ; in others focal placental necrosis, porencephaly, microencephaly, intracranial calcifications, microphthalmus, retinal dysplasia and prenatal cutaneous herpetic lesions suggest a diaplacenlal route of infection (Mitchell & McCall, 1963; Witzleben & Driscoll, 1965; Sieber, Fulginiti, Brazie & Umlauf, 1966; Gagnon, 1968; South, Tompkins, Morris & Rawls, 1969; Tuffli & Nahmias, 1969; Thorphy, Ray, McAllister & Du, 1970; Mirra, 1971; Sever, 1971) . The possibility of diaplacental transmissibility of H.
hominis has been experimentally shown in rabbits and hamsters (Biegeleisen, Scott & Joel, 1962; Ferm & Low, 1965; Middelkamp, Reed & Patrizi, 1967) but in a model like this the diffe,rence in the placental anatomy and the altered susceptibility of heterologous hosts of herpesvirus infections must be considered.
The isolation of a herpesvirus SA 8-strain (0430) from several newborn baboons, which died from spontaneous pneumonia during the neonatal period in the colony of the Southwest Foundation for Research and Education, San Antonio, Texas (SFRE) (Eichberg, Kalter, Heberling & Brack, Received 11 September 1984 . Accepted 24 October 1984 1973) provided a model for experimental infections of newborn primates with their homologous herpesvIrus.
Materials and methods
The isolation procedures and characteristics of herpesvirus SA 8-strain 0430 have already been described (Eichberg et al., 1973) . As part of a study of experimental herpesvirus SA 8 infections in conventionally kept Kenya baboons (P. cynocephalus) of different ages, 13 newborns were infected with the virus. 8 newborns were inoculated intravenously via the femoral vein, 5 others received the viral suspension intratracheally in the presternal region using a percutaneous method. Regardless of the mode of infection the dosage used per animal was 0·5 ml of a 105.s TCIDs1/mi containing viral suspension grown in Vero cells. The neonates were separated from their mothers as soon as possible after natural delivery, kept in human baby incubators and fed artificial milk (Similac®; Ross Laboratories, Cleveland, Ohio, USA). 2 other newborns sacrificed for other experimental purposes on the first day of life served as uninoculated controls.
According to the experimental protocol, 2 experimental animals of each group should have been sacrificed on each of days 2, 5, 8 and 14 p.i. However, rapidly developing serious or fatal illness required a deviation from the schedule in this group (2 additional intercurrent fatalities at day 3 and 4 could not be considered).
Immediately after death materials from all abdominal, pelvic, and thoracic organs, the tongue, trachea, eyes and eyelids, brains and spinal cords, and, in males, the testicles, preputium and penis were fixed in 10% neutrally buffered formalin and further processed for histopathological studies. Simultaneously, sterile samples from spleen, lung, kidney, cornea, uterus or testicles, trachea, adren£lIs,brain (parietal lobe) and posterior medulla were collected for virological studies, the results of which have already been published (Eichberg et al., 1973) .
For the histopathological studies mainly paraffinembedded materials were used with haematoxylineosin (H&E) staining as the routine method.
Additional stammg techniques were employed as necessary in sections from the brains and lungs (Brack, Eichberg, Heberling & Kalter, (981) .
Results
The results of the experimental infections of newborn baboons are summarized in Table 1 . Both the distribution and severity of the experimentallyinduced lesions varied significantly depending upon the inoculation route. Intravenous inoculations were followed by adrenal lesions without significant involvement of the respiratory system, whereas with intratracheal inoculations usually the most severe damage occurred in the lungs without remarkable lesions in any other thoracic or abdominal organ. In both groups the infection spread to the CNS, but again the distribution of the lesions was determined by the route of infection.
The principal lesion induced by intratracheal inoculation of herpesvirus SA 8 into newborn baboons was a necrotizing bronchopneumonia ( Fig.  1) . In newborns tracheal and especially bronchial and bronchiolar necroses developed within 2 days of inoculation and subsequently spread in a peribronchial (peribronchiolar) direction into the respiratory parenchyma until finally most of the bronchial and alveolar tissues were destroyed.
The secondary involvement of the pulmonary vascular system was remarkable. Interalveolar capillaries were occluded by microthrombi (Fig. 2) , while medium sized and Brack, Eichberg, Heberling & Kalter larger vessels were completely necrotic, resulting in extensive pulmonary oedema and haemorrhages. Both the bronchial/bronchiolar and the pneumonic damage were accompanied by abundant intranuclear inclusion body formation (Fig. 3) , whereas in the tracheal ulcers inclusion bodies were only rarely demonstrated.
Detailed descriptions of the respiratory lesions of intratracheally and intravenously SA 8-infected baboons of all age groups have already been given (Brack el al., 1981) (Fig. 4) , particularly between 5 and 8 days p.i. This necrosis was observed primarily in the zona reticularis and zona fasciculata; only rarely did the necrosis involve other parts of the adrenals. At 14 days p.i. the intranuclear inclusion bodies in the adrenal cells had disappeared, leaving focal necroses and dense infiltrates consisting mainly of lymphocytes and plasma cells. In one of the intravenously infected newborns (B 843), splenic follicular necrosis and questionable inclusion body formation were noticed, and, as shown in Table 1 , from this spleen the virus was recovered. The vascular passage of virus through the lung induced a number of changes in this organ. These, however, contrasted markedly to those after intratracheal inoculation. Instead of the massive bronchial/bronchiolar or alveolar necroses, haemorrhages, oedema and alveolar infiltration seen after intratracheal infection, only minor, transient, nonspecific intralobular interstitial pneumonia resulted from the endothelial contact of the virus. The interstitial pneumonia did not show any predilection sites. It was composed of polymorphonuclear lymphocytic infiltrations of interalveolar septa, around blood vessels and bronchioli. They were never associated with any epithelial damage or inclusion body formation and vascular lesions were limited to localized endothelial necrosis in arterioles and venules. The vascular lesions nev,er resulted in leakage of blood fluids or corpuscular elements. At 8 days p.i. a distinctive histiocytic proliferation in the interalveolar septa replaced much of the earlier inflammatory infiltrates and at 14 days p.i. only perivascular lymphocytic hyperplasia remained of the previous inflammation. As mentioned above, both intravenous and intratracheal inoculation induced typical herpetic lesions of the central nervous system (CNS). For detailed descriptions of the morphology of these lesions in other age groups as well, see Brack et al. (1981) . Although the frequency of CNS lesions did not differ markedly between the 2 groups, their distribution within the CNS was clearly determined by the route of inoculation (Figs 5 & 6), with intravenous inoculation being followed by a random distribution throughout all parts of the CNS, including the leptomeninges.
In intratracheally infected animals the necrosis, glial nodules and inflammation were concentrated around the vagal root (Nucl. nervi vagi, Nucl. tract. spin. N.V., tract. spin. N.V., lemniscus medialis, subst. ret. myelencephali, pons). All the lesions reported above were clearly related to the route of infection. Additionally there were a few others, which were observed in both intravenously and intratracheally infected animals. These were herpetic vesicles or ulcers in the lingual epithelium (Fig. 7) , or in the skin of the medial aspects of the thighs or the perineum respectively. These occurred in one animal of each group on the 5th day p.i.
No lesions were observed in uninoculated control animals. 
Discussion
Experimental infection of newborn Kenya baboons was initiated for several reasons: 1. to evaluate the suspected pathogenicity of the SA 8-strain 0430 in newborn P. cynocephalus; 2. to describe the SA 8-induced herpetic pneumonias in newborn baboons morphologically; 3. to determine whether different routes of infection result in different clinical and morphological pictures of the experimentally induced disease; 4. to compare the lesions of experimental SA 8 infections in newborn baboons with those of human Herpes neonatorum. Herpesvirus SA 8 was originally described in African green monkeys, Cercopithecus aethiops (Malherbe & Harwin, 1969; Gary, Kissling & Kalter, 1973) . Subsequently it has been isolated from baboons (Malherbe & Strickland-Cholmley, 1969) , and in the SFRE-colony it has been incriminated as the possible cause of fatal pneumonia in several newborn baboons. In the present study 129 intratracheal inoculation of the virus resulted in severe and rapidly fatal pneumonia.
In the original spontaneous fatalities the necropsies were not performed by a trained pathologist and, consequently, the lesions were only noted as 'pneumonia' without further classification. In the series of experimental intratracheal infections of newborn baboons the resulting fatal pulmonary response was characterized as peracute, necrotizing inclusion-body pneumonia (tracheo-bronchopneumonia), rapidly leading to death. Morphologically they therefore resemble human H. hominis pneumonias (Brack et al., 1981) .
Since, at least in the baby baboons, the possible ways of infection under normal circumstances are unknown, 2 of the most likely pathways of pre-and perinatal infections were investigated. The intratracheal infections were designed to imitate pre-and perinatal aspirations of amniotic fluid as well as postnatal aerogenous infection. Intravenous inoculation of the viral suspension was thought to resemble diaplacental omphalogenous infections, although the anatomical differences of the venous circulation of both vessels have to be recognized.
As might be expected, the type and distribution of herpetic lesions in newborn baboons were affected by the route of infection. Direct vascular inoculation of the virus suspension resulted in herpetic lesions primarily in abdominal organs, whereas intratracheal instillation and thus direct respiratory epithelial contact of the virus was followed by severe lung destruction.
The minor, transient, response of pulmonary tissue after intravenous inoculation does not suggest lack of contact of lung tissue and the virus. The lung is one of the main organs the virus must have passed through on its way to the brain and the other internal organs. It probably reflects a considerably lower titre of infectious virus due to vascular dilution and/or the lower vulnerability of endothelial cells as compared to epithelial cells.
Regarding the contrasting localization of the eNS-lesions, which were randomly distributed in intravenously infected animals, but concentrated in the vagal root in intratracheally infected ones, these implications can be summarized as follows: intravenously injected SA 8 reached the brain probably via the vascular system, while for intratracheally injected virus a vagal ascendance is suggested.
Since baboons have to be considered as one homologous host species to herpesvirus SA 8, with a placental structure similar to that of man, experimental infection in this system can be compared to human H. hominis infections.
Regarding human neonatal herpes, similar lesions could be experimentally produced in newborn baboons particularly by intravenous inoculation of the virus suspension. Human neonatal herpes is usually characterized by hepato-adrenal necrosis (White, 1963; Zavoral et al., 1970; Catalano et al., 1971; Witzleben & Driscoll, 1965; Sieber et al., 1966; Zuelzer & Stulberg, 1952; France & Wilmers, 1953; Arje, Austin & Sanchez, 1955; Bell & Williams, 1961; Miihlethaler, 1961; Tucker & Scofield, 1961; Miller, Hanshaw, O'Leary & Hnilicka, 1970; Kluge, Skyberg & Bj¢ro, 1967; Haynes, Azimi & Cramblett, 1968; Patrizi, Middelkamp & Reed, 1968; Clark, 1965) . Injection of the SA 8 suspension into the femoral vein produced adrenal necrosis. This should favour a hypothesis of primarily placental-vascular infection of the human fetus in neonatal herpes. The missing hepatic necroses in the present experiment may be explained by the fact that agents injected into the femoral vein bypass the portal system, whereas those of omphalogenous origin pass directly into the portal vein. In both omphalogenous infections and injection through the femoral vein the virus reaches the adrenals via the suprarenal artery only after it has passed through the general circulation.
